We analyze wage developments in the East German transition process both at the macro-and at the microeconomic level. At the macroeconomic level, we draw special attention to the important distinction between product and consumption wages, describe the development of various wage measures, labor productivity and unit labor costs in East Germany in relation to West Germany, and relate these developments to the system of collective wage bargaining. At the microeconomic level, we describe changes in the distribution of hourly wages between 1990 and 1997 and analyze the economic factors determining these changes by way of empirical wage functions estimated on the basis of the Socio-Economic Panel for East Germany. The paper also draws some conclusions on the likely future course of the East±West German wage convergence process.
INTRODUCTION
The excessive increase of East German wages is seen by many observers as the main culprit for the dramatic employment decline and the unprecedented increase in unemployment in the transition process to a market economy (see, e.g., Sinn and Sinn, 1992; Siebert, 1993) . At the beginning of the transition process, in most industries collectively bargained wages were set to reach parity with West German levels in 1994. Actual wage settlements were not related to economic conditions and productivity developments, but simply were set to catch-up to this prespecified target. The resulting employment losses were either viewed as inevitable by those who saw the future of the East German economy in a high-productivity, high-wage strategy or not related to wages at all, a view held publicly by West German union leaders who, at least in the beginning, dominated the collective bargaining process. Another important argument for a quick catch-up of eastern wages, popular among politicians and union leaders alike, was that East Germans would otherwise migrate to the west on a grand scale and congest already crowded labor and housing markets. However, with sky-rocketing unemployment and the virtual breakdown of manufacturing industries the full adjustment of East German contract wages to West German levels has been postponed. Even at the turn of the twentieth century, wages in most East German industries were still considerably lower than in West Germany.
At least as important as the issue of the catching-up of East German wages at the aggregate level is the question whether wages are sufficiently differentiated by qualification, industry and region to account for differences in productivity levels in East Germany. Conventional wisdom holds that, due to socialist ideology, there was little wage differentiation in the former German Democratic Republic (GDR), and that the development to a market economy necessitates profound changes in the wage structure corresponding to changes in the relative demand for skills brought about by the restructuring process in the East German economy. It is also widely known that collective bargaining agreements have not allowed for this necessary adjustment of wages.
However, an important factor often overlooked in debates on wage flexibility in the East German economy is that centralized wage contracts were often not enforceable at the firm level and wages might well be more sensitive to economic conditions of single firms in the present East German situation than it has usually been the case under`normal' circumstances in Western Germany. This new development in German industrial relations includes concession bargaining at the firm level and the fact that incumbent firms have been leaving or new firms have not been joining employers' unions on an unprecedented scale. Facing these developments and ever rising unemployment, the collective bargaining parties in the end agreed to allow effective wages at the firm level to be set below the contract wage under certain circumstances specified in special emergency' provisions known as`O È ffnungsklauseln'. Therefore, it does not seem obvious a priori that the wage structure in East Germany is in fact as rigid as often described in the literature and to what extent collective bargaining agreements have affected the East German wage structure at the microeconomic level.
Owing to new production processes and profound changes in the organization of work, we would expect that the value of human capital acquired under socialism has depreciated in the transition process to a market economy. This conjecture, in fact, seems to be supported by empirical evidence, especially with respect to the depreciation of general labor market experience accumulated under socialism (Krueger and Pischke, 1995; Bird et al., 1994; Steiner and Puhani, 1997; Steiner and Wagner, 1997) . On the other hand, there is some evidence (Hunt, 1999a ) that the economic returns to job mobility were quite high for the more motivated and better qualified workers at the beginning of the transition process. Given the great importance of general and firm-specific work experience for wage determination, these adjustments of the human capital stock have important implications for the speed of East±West German wage convergence (Burda and Schmidt, 1997; Steiner and Wagner, 1997) as well as changes in labor force participation and the development of household incomes in East Germany (Hauser and Fabig, 1999) .
In this paper, the importance of the above-mentioned factors for the development and the structure of wages in East Germany is explored. At the macroeconomic level, we draw special attention to the important distinction between product and consumption wages, describe the development of various wage measures, labor productivity and unit labor costs in East Germany in relation to West Germany (Section 2), and relate these developments to the system of collective wage bargaining (Section 3). At the microeconomic level, we analyze the development of the distribution of hourly wages between 1990 and 1997 on the basis of the German Socio-Economic Panel (Section 4). In Section 5, we relate the observed changes in the wage distribution to the underlying economic factors, in particular human capital acquired through formal vocational education as well as general and firm-specific work experience. The results from empirical wage functions specified on the basis of the economic hypotheses derived in Section 5 and estimated on crosssection data for the years 1990, 1992, 1995 and 1997 are discussed in Section 6. In the concluding section we summarize our main results and draw some conclusions.
MACROECONOMIC DEVELOPMENTS: SOME BASIC FACTS
As a prerequisite for an informed discussion of the development of aggregate wages in East Germany some basic facts are to be outlined very briefly. To begin with, Table 1 displays the time pattern of various types of labor remuneration. A key variable for understanding the development of wages, especially in East Germany (but, to some extent, West Germany, too), is the wedge between product wages and consumption wages (see Franz, 1999, p. 275) . Product wages affect the demand for labor and are defined as real labor cost of the firm, i.e., they include all taxes on labor paid by the firm and employers' social security contributions, deflated by the product price. In contrast, consumption wages affect labor supply and are defined as real net take-home pay, i.e., all taxes and employees' social security contributions are deducted, and are deflated by consumer goods prices. Hence, the wedge stems from taxes and contributions to social security contributions levied on firms and workers and, moreover, from diverging product and consumption prices, i.e., mainly from import prices and indirect taxes.
The development of the product wage and the consumption wage is particularly interesting: while the product wage more than doubled between 1990 and 1998, the increase in the consumption wage amounts to some 30 per cent during this period, with even a slight decrease since 1996. Put differently, the consumption wage in 1998 equals the product wage in 1990. The widening gap between these two wage measures is caused by the higher inflation rate of consumer prices in East Germany at the beginning of the 1990s as well as by an increasing tax wedge (similar to the situation in West Germany). The slow increase of consumption wages relative to product wages may explain the disputes over`fair wage developments' in East Germany. Equally important is the development of unit labor costs. Within the first three years under consideration, these increased tremendously. More dramatically, in 1992 gross wages in East Germany were roughly comparable to the respective level in the US with productivity levels in East Germany in the order of magnitude of those in Mexico (Siebert, 1993, p. 128) .
The latter observation calls for a brief comparison of various labor market indicators between East and West Germany, as highlighted in Table 2 . As to gross nominal wages, the East±West wage differential amounted to more than one-half in 1991. This gap decreased to about one-third by the mid-1990s and has remained fairly stable at that level since then. The increase in East German labor productivity of about one-third to about 60 per cent of the West German level is, of course, remarkable. However, it has to be stressed that part of this catching-up is due to the reduction in employment, which by itself causes higher productivity levels. Indeed, the decline in East German employment was tremendous: the number of employed persons (excluding self-employed people) fell from about 7 million persons in 1991 to around 5.5 million in 1999, i.e., by more than 20 per cent. During the same time the respective decline in West Germany was around 5 per cent.
Collective bargaining agreements in East and West Germany typically do not take into account that an increase in productivity due to dismissals does not represent real productivity gains stemming from, say, improved production techniques or investment in human capital. For example, the Council of Economic Experts (Sachversta Èndigenrat, 1997, p. 266) estimated a difference of 0.5 percentage points between the conventionally measured productivity Table 1 Development of wages in East Germany, 1990±98 a 1990 1991 1992 1993 1994 1995 1996 1997 1998 increase in West Germany in 1997 and the respective number corrected for employment declines and another 0.9 percentage points for converting the increase in average labor productivity into the rise in marginal labor productivity at normal employment, the latter figure representing a guideline for wage setting in a situation of normal employment. Although these calculations cannot be transferred directly to East Germany, they give an impression of how substantial East German productivity would have to be adjusted in order to obtain true productivity gains there. The same caveat holds for the comparison of unit labor costs. Finally, the last row in Table 2 displays the ratio of official plus hidden unemployment in East Germany in comparison with West Germany. Hidden unemployment consists, for example, of people who are in active labor market policy programs or in pre-retirement schemes but would be registered as unemployed persons otherwise. Especially for East Germany hidden unemployment is tremendous: in 1998 registered unemployment amounted to around 1.4 million persons and hidden unemployment to 0.9 million people (the corresponding figures for West Germany are 2.9 and 1.0 million persons, respectively).
THE ROLE OF COLLECTIVE BARGAINING IN WAGE FORMATION
The exorbitant catching-up process of East German wages to West German levels, not justified by equivalent true productivity growth, had its impact on the actual operation of labor market institutions. At the beginning of the transformation process, the bargaining process was a one-sided game. The employer side was not adequately represented at the collective bargaining table since it was represented by either former managers of state-owned firms or by representatives of West German firms who had little incentive to fight for low wages in East German firms, their prospective competitors in national and international markets. On the other hand, the old trade union, the Freie Deutsche Gewerkschaftsbund, was discredited by its collaborative behavior under the old regime. Consequently, its West German counterpart, thè Deutsche Gewerkschaftsbund', which acts as the umbrella organization for 16 constituent industrial unions, was able to move into this virgin territory and organize workers with impressive ease. It was recognized by East German employers as the de facto negotiating partner in collective bargaining and was thereby able to conclude wage agreements in almost every industrial sector, in the public sector and some of the service industries. Another important role has been played by the Treuhandanstalt, the public agency in charge of privatizing state-owned firms, which had to deal with political pressure to financially support large industrial enterprises, especially in the manufacturing sector (to save the`industrial core' of East Germany). This has probably also led to relatively high wage increases, especially in the manufacturing sector.
As is well known, wage bargaining in Germany takes place at the (regional) industry level. The outcome of those wage settlements concern, strictly speaking, only union members in firms which belong to the respective (regional) employers' association. In order to circumvent negotiated wage increases, unacceptable for the firm for economic reasons, the firm has, in principle, two options on legal grounds (see Fitzenberger and Franz, 1999, for details) . First, the firm is free to make other wage contracts with non-unionized employees (but union membership must not serve as a selection criterion for different wage contracts) even if it belongs to the employers' association. This is not done frequently. Besides avoiding internal disputes, the major reason is that the worker presumably would join the union (union deterrence effect). Second, the firm can choose to leave the employers' association. But in this case the firm is committed to the negotiated wage rate until the collective agreement expires. But even afterwards or if the firm does not join the employers' association at all, a legal restriction ( §77.3 law on labor relations in the firm,`Betriebsverfassungsgesetz') prohibits employers from making a wage contract with their works council (but not with the individual worker) which undercuts a negotiated wage settlement unless this wage settlement explicitly gives room for such firm-specific contracts which is rarely the case.
Taken together, there are severe constraints for wages being flexible enough to meet economic requirement at the firm level, let alone to correct the catching-up process of wages in general. The result of these restrictions with respect to the operating of wage bargaining institutions is displayed in Table 3 . To begin with, only one-half of all employees and one-quarter of all firms are covered by industry-level wage bargaining in East Germany whereas the figures for West Germany are two-thirds and almost one-half, respectively. These numbers correspond to the greater relevance of firm-level and employee-level wage bargaining in East Germany. More specifically, industry-level wage bargaining takes place primarily in certain sectors such as banks, insurance, public sector, mining, energy and construction, and in large firms. Taken together, in East Germany industry-level wage bargaining is losing ground on a large scale.
Even more interesting is the erosion of industry-level wage contracts by breach of contract. For example, in the manufacturing sector of East Germany around 14 per cent of all firms which are covered by negotiated wages undercut negotiated wages (with a more or less tacit agreement by the works council). 1 These firms had, strictly speaking, to commit a breach of the collective wage contract in order to ensure their economic survival. Given that only parts of all employees' agreements are covered by collective bargaining one might be tempted to the view that, for those not covered, wages should be adjusted to balance demand and supply in the labor market and, hence, unemployment in the East should be caused by other factors than wage bargaining institutions. Indeed, wage policy is not the sole cause of massive joblessness in East Germany, and wage moderation alone will not iron out unemployment. Other factors clearly have been at work during the transition period, such as the breakdown of major markets in middle and eastern Europe, an economically inadequate conversion rate between the East German mark and the West German DM, the adoption of the whole institutional and legal framework from West Germany including all inflexibilities and rigidities, the heavy subsidies for investment in machinery and buildings which reduced capital costs to unprecedented levels and, thus, changed relative factor prices to the great disadvantage of labor, and so on. But, even in the light of these caveats, wage policy does share a considerable responsibility for the developments in East Germany: major mistakes were made at the beginning of the transformation process when wages were set at economic levels unsustainable by low productivity levels. To some extent, this failure was realized later on, but was corrected too hesitantly, if at all.
CHANGES IN THE EAST GERMAN WAGE DISTRIBUTION, 1990±97
Having described the main trends in the development of aggregate wages in East Germany, we now turn to the analysis of changes in the East German wage distribution. In particular, we analyze the development of hourly wages between 1990 and 1997 on the basis of the German Socio-Economic Panel for East Germany (GSOEP-East). Since the first wave of the GSOEP-East refers to the period immediately before German monetary union in July 1990, it is possible to draw a comparison between the wage structure of the former GDR and the structure established by 1997. 2 In the first wave of the GSOEP-East in June 1990, about 4,000 persons in 2,000 households were interviewed. In the following waves, principally the same people were interviewed. Sample disparity has been partly compensated for by including new interviewees. Information on individual gross incomes and hours worked of the previous month makes it possible to calculate hourly wages. As our analysis uses real hourly wages, we can include short-time workers into the analysis, short-time work having been a widespread instrument of employment creation especially at the beginning of the transition process (see, e.g., Licht and Steiner, 1994) . We also take into account fringe benefits like holiday or Christmas pay in the calculation of hourly wages, which constitute an increasingly important component of the wage package in East Germany. As we are interested in market determinants of wages, only gross wages are considered here, i.e. direct taxes and transfers are not taken into account. The sample analyzed below is restricted to employees aged between 19 and 65 years (men) respectively 60 years (women) covered by the social security system. Hence, civil servants, the self-employed and those with minor employment are excluded from the sample, as are people in education or training programs or on maternity leave. Since we expect structural differences in the development of male and female wages in the transition process, we split the sample by gender. The observations remaining after the various selections are listed in Table A .1 in the Appendix. 3 A particularly simple and informative way to describe changes in the wage distribution over time is to plot various percentiles of the distribution, as we do in Figure 1 . In the following discussion, we will mainly focus on the median to represent changes in the middle part of the distribution, the 10%-percentile to describe changes in the lower part and the 90%-percentile in the upper part of the wage distribution. To see whether wage changes in other parts of the wage distribution differ in a significant way, we also plot the 25%-percentile and the 75%-percentile. Annual growth rates of male and female wages at the median as well as the 10%-percentile and the 90%-percentile are plotted in the lower part of Figure 1 for the period 1991 to 1997.
The upper part of Figure 1 shows that the wage distribution was very compressed under socialism. In 1990, the male 90%-percentile of about 9.5 DM was less than twice the value of the 10%-percentile and just about 1.4 times the median. Female wages under socialism were slightly lower (the median wage of women was 5.7 DM compared to 6.6 DM for men), but the distribution of female wages was quite similar to that of men (see Table 4 ).
As the lower part of Figure 1 shows, the strongest wage increases occurred in the first year after unification, when the median nominal hourly wage increased by 45%. Even higher wage increases occurred in the upper part of the distribution: at the 90%-percentile the male (female) wage increased by almost 65% (55%). Compared to these excessive wage hikes, the increases of, respectively, about 45% and 35% in the lower part of the distribution seem almost modest.
The explanation for these astonishing differences probably is that, lacking any control from private owners or the Treuhandanstalt, the state agency for the privatization of the East German economy, those who were still in charge of running the state-owned firms were in a position to grant themselves and their comrades from the socialist system generous wage increases immediately after unification. Once the privatization process was well under way, wage increases declined markedly, especially in the upper part of the wage distribution.
Judged by the growth rates of wages, we can distinguish between basically three periods: (i) the first two years after unification saw excessive increases in nominal wages; (ii) starting from a very high level, growth rates of nominal wages declined sharply in the period between 1993 and 1995; and (iii) in the subsequent period growth rates stabilized at a level of around 5 per cent, on average. Furthermore, the variance of growth rates across the wage distribution also diminished over time.
By the year 1997, this wage adjustment process had resulted in a pronounced increase in wage inequality, as measured by percentile ratios in Table 4 . In the period 1990 to 1997, the ratio of the 90%-percentile to the 10%-percentile, which represents the spread of the wage distribution, increased from about 2.0 to 2.5 for men and from about 2.2 to 3.0 for women. Hence, overall wage inequality increased by more than 36 per cent for women compared to 25 per cent for men. For women, wage inequality was more pronounced in the lower part of the distribution, represented by the ratio of the median to the 10%percentile, than in the upper part of the distribution (ratio of the 90%percentile to the median). In contrast, the increase in wage inequality for men was spread fairly evenly across the distribution. For both men and women, the increase in wage inequality in the upper part of the distribution is mainly accounted for by the strong increase of wages in the 90%-percentile, as the comparison with the 75%-percentile in the upper part of Figure 1 shows.
It seems interesting to compare the degree of wage inequality prevailing in East Germany at the end of the observation period with the West German level, which has changed very little since the early 1980s Wagner, 1997, 1998) . By 1997, overall wage inequality for East German men has reached roughly the same level as in West Germany, both in the upper and in the lower part of the wage distribution. In contrast, female wages in East Germany are distributed much more unequally than in West Germany now, and this higher inequality relates both to the lower and the upper part of the wage distribution (see Table 4 ). What are the main economic factors driving changes in the distribution of hourly wages? Macroeconomic factors outlined in Section 3 have certainly played an important role as far as collective wage bargaining outcomes have affected employees differently depending on the sector of employment and firm size. However, it is unlikely that these factors can explain a large part of the widening of the wage distribution in general, and gender differences in wage growth in particular. To explain the observed changes in the wage distribution requires a more detailed microeconomic analysis, to which we now turn.
HUMAN CAPITAL AND THE EAST GERMAN WAGE STRUCTURE
In contrast to its obsolete physical capital stock, East Germany is generally considered to be well endowed with human capital. Compared to West Germany, the share of skilled labor, that is people with a completed apprenticeship training or higher vocational training (`master craftsman'), is fairly high in East Germany. The latter group includes both people with a vocational qualification obtained after completed apprenticeship training and conditional on having passed a special examination after some years of work experience in a particular trade (Meisterpru Èfung) and people with some higher vocational training at school (Fachschule). 4 On the other hand, the share of unskilled labor is relatively small in East Germany and the share of highly skilled labor (`graduates'), i.e. people with a degree from a university or polytechnic (Fachhochschule), is comparable to the West German level. Differences between the East and West German skill structure for the labor force as a whole are even greater than for the sub-population of employed people (see Table 5 ). 5 The most interesting change in the East German skill structure concerns the decrease in the share of unskilled employees and the concurrent increase of non-employed people in the labor force, especially among women. At the same time, the share of graduates among all East German employees increased both for men and women. By the year 1995, the share of graduates in the East German population exceeded the West German share, and this difference was especially large for women. On the other hand, the share of unskilled women 4.
In West Germany, this latter type of vocational training is much less important than it was in the former GDR.
5.
We thank our colleague Martin Falk for providing us with these calculations based on the Labor Force Survey (`Mikrozensus') for the years 1991 and 1995 held at the ZEW.
in the East German labor force increased substantially, while the share of female graduates decreased perceptibly during this period. In contrast, the share of male graduates in the labor force increased a bit more than their employment share, implying an increase in unemployment or nonemployment among this group. To some extent, these gender differences can be explained by the strong increase in female participation in public works programs, which have been, and still are, very much concentrated on the skilled and, in particular, women with university education (see Kraus et al., 2000) . In market economies, wage differentiation by skill arises either because of the productivity effects related to educational and vocational attainments or innate individual characteristics that are correlated with skills. Conventional wisdom holds that there was little wage differentiation by skill in the former GDR. However, although there is some evidence that the East German wage structure was indeed more compressed than in West Germany (see Section 4), differentials due to educational attainment seem to have been more or less of similar magnitude (Krueger and Pischke, 1995; Steiner and Puhani, 1997; Steiner and Wagner, 1997; Steiner and Ho Èlzle, 2000) . Hence, the observed Notes: a The share of unskilled labor among foreigners is much higher than among natives in Germany.
Since the share of foreigners is very low in East Germany, figures for West Germany only include natives. b Master craftsman include people with higher vocational education obtained at school (Fachschule), which was very common in the former GDR. Source: Labor Force Survey (`Mikrozensus') 1991 and 1995.
compression of the wage distribution in the former GDR was the result of smaller rewards to innate abilities or to labor market experience. According to human capital theory, labor market experience is a proxy for general human capital acquired on the job. Owing to new production processes and profound changes in the organization of work, we would expect the value of labor market experience accumulated in the former socialist economy of the GDR has depreciated in the transition process to a market economy. Therefore, we also expect rather flat experience±wage profiles when looking at the East German wage structure after unification, an expectation which seems to be supported by empirical evidence (Krueger and Pischke, 1995; Bird et al., 1994; Steiner and Puhani, 1997; Steiner and Wagner, 1997) . However, as suggested by Steiner and Wagner (1997) , experience±wage profiles may differ between the private and the public sector because in the latter wages are linked closely to age and, in particular, years worked in the public sector.
According to human capital theory, firm tenure is a proxy for firm-specific human capital investment which has a stronger effect on labor productivity and, hence, increases wages in excess of returns to general labor market experience. In East Germany, the effect of firm tenure on wages is likely to depend on the stage of the transition process. In the first stage, when formerly state-owned conglomerates were privatized on a large scale and profitable new enterprises were set up, the returns to job mobility for the more motivated and better-qualified workers were probably quite high. There is some evidence that this indeed can be observed and that returns to job changing fell substantially in later periods (Hunt, 1999a) . This also suggests that in later periods tenure effects may have been an important factor in the development of East German wages.
Several other labor supply factors may have affected the wage structure in the East German transition process. Since unification, employment of women has dropped sharply and female unemployment, especially long-term unemployment, has increased correspondingly. On the other hand, there seems to have been little downward pressure on wages and only a modest decline in the female labor force participation rate (Steiner and Kraus, 1995; Hunt, 1999b ). Owing to their high level of formal education and vocational training, the easy availability of childcare facilities, but also socialist ideology supported by good career prospects and the tax system, female labor force participation in the former GDR was one of the highest in the world. Since some of these factors have changed in the transition process, childcare facilities in particular are no longer provided by firms and those provided by communities or private institutions are either rationed or expensive (Hunt, 1997, p. 5) , we would expect only those women with a relatively high market wage remain in the labor force. Indeed, there seems to be some evidence that women with poor labor market opportunities have disproportionately left the labor force after having been laid off, and this may have affected the female wage structure (Hunt, 1999b) . This conjecture is also compatible with the observed changes in the skill distribution of women; see Table 5 above.
Early retirement has been, and still is, an important means of employment adjustment in the first stage of the East German transition process (Licht and Steiner, 1994) . In view of the reduction and restructuring of employment on a grand scale and the resulting devaluation of human capital of older workers accumulated under socialism, early retirement was seen as the easiest way to adjust the workforce. Since elderly employees who did not take advantage of this option are most likely a very special group with a high market wage, selectivity effects are also expected to be important with respect to age.
Another labor supply factor which may have affected the East German wage structure are migrants and commuters to West Germany because they may comprise persons with certain characteristics, which may give rise to yet another selectivity effect. The large flows of migrants to Western Germany at the beginning of the transition process and the persistently high number of commuters aroused much concern among politicians and the East German public that they were losing the more qualified and motivated part of the workforce to West Germany. However, Pischke et al. (1994) do not find conclusive evidence for the hypothesis that commuters are a self-selected group of employees.
EMPIRICAL WAGE FUNCTIONS
In the following empirical analysis, we try to quantify the relative importance of the human capital factors potentially influencing the East German wage structure. For this purpose, we estimate generalized wage functions with the logarithm of hourly wages as the dependent variable and a number of human capital indicators related to the discussion in the previous section. Furthermore, we examine whether potential selection effects referred to above affect the estimated wage functions for employees.
Following the discussion in the preceding section, we proxy an individual's human capital by dummies for education and vocational training (unskilled, master craftsman and graduate, with skilled as the base category), actual labor market experience, and firm tenure. A central implication of human capital theory is that individual wages increase with labor market experience at a decreasing rate because the older one gets the less profitable additional investments in human capital become . Empirically, this should show up in concave wage±experience profiles, which we model by including linear and quadratic experience terms in the estimated wage functions. In order to test whether firm tenure increases wages in excess of labor market experience (which includes tenure) we also include a linear and quadratic term in tenure in the wage function. Indirectly, this also allows us to test for the positive effect of job mobility on wages in the first phase of the East German transition process referred to above; given the validity of this hypothesis, we would expect a negative effect of firm tenure on individual wages.
Since it seems likely that both the returns to labor market experience and to tenure depend on the level of vocational/educational qualification, we have included interaction terms between these variables in the wage functions. However, these interactions turned out statistically insignificant in preliminary estimates of the wage functions and were, therefore, not included in the final specification reported below. For the reason given above, we have also interacted the experience terms with a dummy for public sector employment.
To account for other structural factors potentially affecting wages, we control for firm size, industry and region in the estimation of the wage functions. To some extent, these factors can explain wage differentials as far as collective wage bargaining outcomes have affected individuals differently depending on sector of employment, firm-size and, less importantly, region (see Section 3). Although the reasons for the substantial industry and firm-size effects found for most market economies are not well understood, their empirical importance has been established in several econometric studies (for Germany see, e.g., Gerlach and Hu È bler, 1995; Mo Èller and Bellmann, 1995) .
Since we are mainly interested in structural changes in wage determination during the transition process, the analysis is carried out for single years in order to allow the regression coefficients to change over time. To save space, estimation results are only reported for the years 1990, 1992, 1995 and 1997. These years also correspond to the three different phases of the East German wage adjustment process referred to in Section 4. To allow all regression coefficients to differ by gender, the empirical wage functions were estimated separately for males and females. Sample means of the variables in the wage functions are described in Table A .2 in the Appendix.
To test for potential selection effects due to the factors mentioned in Section 5, we estimated the wage functions using the standard two-step procedure due to Heckman (1979) . 6 It turned out that selectivity effects are indeed important in the estimation of wage functions for East Germany. Detailed estimation results of selectivity-corrected wage functions are reported in Table 6A for men and in Table 6B for women. The following discussion focuses on the main results with respect to the human capital variables defined above, estimation results for firm size, industry and region effects are briefly discussed at the end of this section.
6.
In the first step, the individual probability of being employed was estimated by way of crosssection probit equations separately for men and women and for each year. In the second step, selectivity-corrected wage functions were estimated by OLS including the inverse Mills ratio calculated on the basis of the first-step probit coefficients as an additional regressor. The coefficients in the wage functions are identified by the exclusion of various household variables (other household income, number of children, marital status) included in the employment probit equations. For details on this two-step procedure to correct for selectivity bias see Heckman (1979) or . Detailed estimation results for the probit employment equations are available from the authors upon request (e-mail: steiner@zew.de). 
Returns to formal qualification
As mentioned above, statistical tests show that the returns to formal qualification do not depend on labor market experience or on firm tenure, as is the case for West Germany (see Wagner, 1997, 1998) . Therefore, and because of the semi-logarithmic specification of the wage functions, the regression coefficients of the dummy variables for qualification groups in Tables 6A and 6B , ceteris paribus, approximately express the wage differentials between the corresponding qualification group and the base category (unskilled workers). 7 For example, the value of the coefficient on the dummy variable for an employee with a university degree (graduate) for 1990 of 0.372 shown in Table 6A means that the hourly wage of male graduates exceeded the wage of an unskilled worker with otherwise the same characteristics by about 45 per cent (= exp(0.372 À 1) Â 100). In contrast, the wage differential between graduates and master craftsmen was rather small, and there was no wage differential between skilled and the small group of unskilled male workers in the former GDR. Female wage differentials between the highly skilled and skilled workers were even more pronounced than for men, with university graduates earning one-and-a-half times the hourly wage of skilled workers (Facharbeiterinnen) in the`Workers' and Peasants' Republic'. There was also a wage differential of about 15 per cent between skilled and unskilled women in 1990.
The development of the estimated education/vocational wage differentials over time shows some unexpected results. First, the relative wage of skilled East German men did not increase over time; if anything, the relative wage of skilled workers declined, although the negative coefficient in 1997 is not significantly different from zero. For women, the positive wage differential of skilled relative to unskilled labor had vanished by 1995. Second, the positive wage differential master craftsmen earned relative to skilled laborers in 1990 had disappeared by 1997. For women, such a wage differential still exists, but relative to 1990 at a much lower level. Third, both for men and women the graduate wage differential declined perceptively during the transition period, but substantial differentials still remain for both sexes. The graduate wage differential for women is larger than that for men and both are comparable in magnitude to the respective graduate wage differentials prevailing in West Germany (see Wagner, 1997, 1998 ).
Returns to labor market experience and firm tenure
As mentioned above, returns to labor market experience in East Germany do not seem to depend on the level of formal qualification, as is the case for West Germany. As regards the hypotheses on changes of returns to labor market experience in the East German transition process referred to in Section 5, they 7.
For coefficients large in absolute value, the approximation of the wage differential by the coefficient becomes increasingly inaccurate. are only partially supported by our estimation results. To test these hypotheses, we performed the following statistical tests summarized in Table 7 . Interaction dummies between experience and`public sector' were included in the regressions to account for the direct dependence of wages in this sector on labor market experience and age, respectively, due to special collective bargaining agreements 8 for this sector taken over from West Germany immediately after unification. Table 7 shows that, with one exception, this interaction effect is always statistically significant, which implies higher returns to labor market experience if employed in the public sector. Moreover, wages do not increase with general labor market experience if not employed in the public sector.
Since labor market experience also includes tenure at the current firm, the estimated tenure effect measures the additional return of staying an additional year with the same firm conditional on years of labor market experience. As the F-tests in Table 7 show, tenure effects are always highly significant.
On the basis of these tests and the plots of the estimated wage±experience profiles in the upper part of Figure 2 , we draw the following conclusions. First, the observation that, compared to West Germany and other market economies, returns to labor market experience were very low in the former GDR is supported by the rather flat wage±experience profiles both for men and women obtained for 1990. Subsequently, labor market experience was completely devalued both for men and women working in the private sector of the economy. However, for those keeping their job or getting a new job in the public sector, the returns to labor market experience increased substantially after unification. This increase was much larger for women than for men, though. For example, while the wage differential of a male employee with 10 Tables 6A and 6B ; an asterisk indicates that the linear and quadratic terms are jointly significant at least at the 5 per cent level.
8.
These agreements, contained in the`Bundesangestelltentarifvertrag' (BAT), among other things stipulate more or less automatic individual wage increases every two years of employment on top of overall wage increases in the public sector.
Figure 2
Notes: Based on estimated wage equations in Tables 6A and 6B ; labor market experience includes tenure with the current firm.
ß Verein fu È r Socialpolitik and Blackwell Publishers Ltd 2000 (20, 30) years of labor market experience relative to a reference person just starting work, ceteris paribus, increased from a meager 5 (8, 9) per cent to a modest 13 (24, 33) per cent between 1990 and 1997, the respective female wage differentials increased by about 20 (35, 35) percentage points in the same period. For women, these wage differentials are, on average, much higher than the female experience differentials prevailing in West Germany and are similar in magnitude to those estimated for West German men (see Wagner, 1997, 1998) . The share of women employed in the public sector among all East German female employees is much higher than that for men, and this gender difference has substantially increased over time. According to data from the Labor Force Survey (`Mikrozensus'), about a third of all East German women were employed in the public sector in 1991, compared to only about 15 per cent of all East German men. By 1995, the share of women employed in the public sector has increased to about 43 per cent in East Germany, compared to about one-third in West Germany. In contrast, the share of East German men employed in the public sector has not changed during this period; by 1995 it obtained the same level as in West Germany. To some extent, this gender difference can be explained by the high incidence of public works programs and publicly financed training programs among East German women with higher education (see Kraus et al., 1999 Kraus et al., , 2000 .
The pronounced upward-shift of the female wage±experience profiles in the public sector together with the substantial increase of the share of women working in this sector is an important factor for the observed gender differences in the development of the East German wage distribution after unification discussed in Section 4. The public sector offered women a much better shelter against the devaluation of their human capital acquired under socialism, because women became increasingly employed in the public sector, at least in relative terms, where wages are predominantly determined by formal qualification and labor market experience. In contrast, the share of men working in the public sector remained at a relatively low level, and for the great majority of men employed in the private sector general human capital acquired under socialism was devalued completely after unification.
The plots in the lower panel of Figure 2 show that the effect of firm tenure on wages was rather small and quite similar for men and women before unification. Given that little job mobility existed before unification, there was little difference between the effects of general labor market experience and firm tenure on individual wages. 9 After unification, tenure profiles became much steeper, especially for women. For men, returns to tenure even became negative immediately after unification, which is compatible with the observation by Hunt (1999a) referred to above that returns to job mobility were very high in the first phase of the transition process. For subsequent years, however, estimated wage-tenure profiles are also upward-sloping for men, if to 9.
Note the differences in scale between the upper and lower parts of Figure 2. a much smaller extent than for women. This result, too, seems compatible with the observation made by Hunt (1999a) that returns to job changing fell substantially in later periods. However, it is not clear to us why tenure profiles differ by gender in this respect.
6.3. Firm-size, industry and regional effects
We now turn to some other important factors, such as firm size, industry and region, which may have affected the East German wage structure through the German collective bargaining system outlined in Section 3. As estimation results in Tables 6A and 6B show, firm-size differentials, ceteris paribus, seem to have been relatively small under socialism, but increased quite substantially after unification. In 1997, large companies (more than 2,000 employees) paid about 30 per cent higher wages than small firms (up to 20 employees). Since this large wage differential exists in spite of equal levels of the (observed) level of human capital within the same economic sector, it seems likely that firm-level trade unions and works councils, which are more prevalent in large enterprises, achieved wage increases beyond the level set in industry-level collective bargaining agreements. This conjecture is also supported by the persistence of comparable firm-size wage differentials in West Germany. 10 Except for a few sectors (agriculture and forestry, trade and services), industry wage differentials were low in the former GDR. Although significant wage differentials have evolved in a few sectors of the East German economy, wages are still rather little differentiated by sector compared to West Germany (see e.g. Mo Èller and Bellmann, 1995) or other developed market economies. In East Germany, there is a relatively large positive wage differential in banking and insurance, although only for male employees, whereas wage differentials are strongly negative in personal services, for female employees in light industries (textiles etc.), and in trade. On the other hand, neither in the still over-sized public sector nor in the obsolete heavy industry sector has noticeable pressure on wages occurred. This again shows that in sectors with relatively powerful unions and little competition, the relative position of wages can be held up even when the economy undergoes fundamental structural changes.
Finally, even after controlling for differences in human capital and industry structure, wages in the former GDR differed by region, i.e. the La Ènder. Surprisingly, these regional wage differentials were larger for women than for men, and this gender difference also more or less persisted over time. As expected, the reunited labor market of Berlin brought about stronger wage increases in East Berlin than in the other East German states. It may come as a surprise that the regional wage differential obtains its smallest (absolute) value in the economically most backward states of Mecklenburg-Vorpommern and 10.
Gerlach and Hu È bler (1995) summarize theoretical approaches to the relationship between firm size and wages and also present an empirical analysis for West Germany.
Brandenburg, whereas it is relatively high in the more economically prosperous states of Thu È ringen and Sachsen. However, this could be explained by the fact that part of the regional wage differentials is already accounted for by the industry and firm-size dummies. For example, the comparatively low observed wage level in the state of Mecklenburg-Vorpommern is mainly explained by the very large negative coefficient of the dummy for the agriculture and forestry sector, which is still predominant in this region. Likewise, the relatively high observed average wage in Thu Èringen, which is a more industrialized state, can to some extent be explained by the firm-size effect.
SUMMARY AND CONCLUSIONS
Nominal wages in East Germany increased dramatically in the first years after unification, which had very different effects on labor costs, and the standard of living of East Germans. While the product wage more than doubled between 1990 and 1998, the increase in the consumption wage amounts to some 30 per cent during the same period, which is far less than may have been expected by the East German people on the eve of unification. Thus, the relatively slow increase of consumption wages relative to product wages may explain the heated disputes over`fair wage developments' in East Germany. On the other hand, the strong increase in East German unit labor costs after unification, which still exceeded the West German level by a wide margin at the end of the 1990s, has resulted in a dramatic decline of employment and extremely high unemployment.
Regarding the structure of wages, we find diverse results concerning the impact of industrial structure on the development of wages. Firm-size differentials increased quite substantially after unification, especially in relatively large firms. Since this large wage differential exists in spite of equal (observed) levels of human capital within the same economic sector, it seems likely that firm-level wage bargaining, which is more prevalent in large enterprises, achieved wage increases beyond the level achieved in industrylevel collective bargaining agreements. On the other hand, wages are still rather little differentiated by sector compared to West Germany or other developed market economies, although significant wage differentials have evolved in a few sectors of the East German economy. In particular, neither in the still oversized public sector nor in the obsolete heavy industry sector has noticeable pressure on wages occurred. Hence, there is evidence that in sectors with powerful unions and little competition, the relative position of wages can be held up even when the economy undergoes fundamental structural changes.
While East German wages increased substantially across the wage distribution, there was also a pronounced increase in wage inequality. The upper ranks of the wage distribution experienced the highest increases in real wages although there were also marked improvements for the lower ranks. Over the whole period, wage inequality among women was higher than among men. By 1997, overall wage inequality for East German men had reached roughly the same level as in West Germany, both in the upper and in the lower part of the wage distribution. In contrast, female wages in East Germany are distributed much more unequally than in West Germany now, and this higher inequality relates both to the lower and the upper part of the wage distribution. Since observable human capital has not changed dramatically in East Germany since unification, this increase in inequality must be related to increased rewards for innate abilities which have become more important in the more flexible East German labor market.
Substantial wage differentials between occupational groups already existed in the former GDR: university graduates earned substantially higher wages than persons with a vocational background, and unskilled women received the lowest wages during socialism, too. Hence, the equality of earnings under socialism turns out to be a myth. After unification, the relative wage of unskilled East German men has not increased and the positive wage differential earned by skilled relative to unskilled women had vanished by 1995. The positive wage differential master craftsmen earned relative to skilled laborers under socialism disappeared for men and was substantially reduced for women. For both men and women, the graduate wage differential declined perceptively during the transition period. The graduate wage differential for women is still larger than that for men and both are comparable in magnitude to the respective graduate wage differentials prevailing in West Germany.
Compared to West Germany and other market economies, wage±experience profiles in the former GDR were rather flat and differed little by gender. Since unification, the human capital acquired through general work experience was completely devalued for both men and women working in the private sector of the East German economy. However, for those keeping their job or getting a new job in the public sector, the returns to labor market experience increased substantially after unification. This increase was much larger for women than for men. After unification, wage profiles became markedly steeper with respect to firm tenure, especially for women. Since these gender-specific differences are neither related to observed variables nor potential selection effects, it is not clear how they can be explained.
The pronounced upward-shift of the female wage±experience profile in the public sector together with the substantial increase of the share of women working in this sector is an important factor for the observed gender differences in the development of the East German wage distribution after unification. To a large extent, this also explains the fact that the still existing wage differential between East and West Germany has become much smaller for women than for men. However, it seems unlikely that the very large share of women working in the public sector, often employed on heavily subsidized public works programs, is sustainable in the future. In the private sector of the East German economy it will still take a long time before wages have adjusted to West German levels. 1990 1992 1995 1997 1990 1992 1995 1997 Nominal hourly wages Notes: a Base categories of dummy are given in parentheses. b Chemical products, oil products, lumber, furniture, paper, printing. c Education, healthcare, welfare services, public utilities and public administration. d For definition see text.
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